Background-Hospital readmissions for heart failure (HF) contribute to increased morbidity and resource burden.
T
here is increasing interest in the high rates of repeat hospital visits and readmissions for heart failure (HF). 1 Repeat hospitalizations contribute significantly to the increased costs of health care for patients with HF, 2, 3 and the issue of readmissions has been identified as a priority problem for the healthcare system. 4 As an ambulatory caresensitive condition, hospital readmissions for HF have also been deemed indicators of reduced quality of care. 5, 6 
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Despite the importance of readmissions in the HF population, many challenges remain. First, the important predictors of readmission among patients with HF have not been determined. 7, 8 Second, from a methodological standpoint, most prior studies examined occurrence of the first readmission and did not account for all hospitalizations occurring over the lifetime of the patient after the initial HF hospital discharge. 9 Although HF is commonly classified, based on underlying left ventricular (LV) systolic function, as HF with reduced ejection fraction (HFrEF) or HF with preserved ejection fraction (HFpEF), it is unknown whether this classification is predictive of repeated hospitalizations and death occurring over the lifetime of the patient. Furthermore, it is unknown whether classification based on ischemic or nonischemic etiology is predictive of hospitalization and cardiovascular events over the lifetime of patients with HF. 10 In this study, we examined a patient cohort discharged after being newly hospitalized for HF and followed them over their lifetime for all cardiac and noncardiac hospitalizations that occurred until death. These patients were originally enrolled in phase 1 of the Enhanced Feedback For Effective Cardiac Treatment (EFFECT) study and have been followed for up to 10 years. We examined patterns of hospitalization and recurrent cardiovascular events and the association of sex, presence of HFrEF versus HFpEF, and ischemic versus nonischemic etiology on hospitalizations in this populationbased cohort.
Methods

Study Population
We evaluated patients with HF who were newly admitted to the hospital in Ontario, Canada, in phase 1 of the EFFECT study, which is described in detail elsewhere. 11 Briefly, these patients were identified by examining the Canadian Institute for Health Information Discharge Abstract Database (CIHI-DAD) from April 1999 to March 2001 for those given a primary or most responsible diagnosis of HF as indicated by the International Classification of Diseases, Ninth Revision, code 428.x. In the EFFECT phase 1 study, primary chart records were abstracted by highly trained nurse-abstractors from 86 hospital corporations for clinical information, and only patients who met the Framingham criteria for HF 12 were included. In this study, we examined mortality among all patients subsequent to the index EFFECT admission and readmissions among those who survived to index hospital discharge. Approval from the ethics review board was obtained from all participating institutions before the study.
Data Sources
Using the patients' unique, encrypted health card number, we linked the EFFECT data to the hospitalization information contained in the CIHI-DAD and examined all subsequent hospitalizations using International Classification of Diseases, Ninth Revision, Clinical Modification, and International and Statistical Classification of Diseases and Related Health Problems, Tenth Revision, Canada, codes. Cardiovascular hospitalizations included those for HF, coronary artery disease, and other cardiac disease as the primary or most responsible diagnosis. Other cardiac disease hospitalizations included admissions for arrhythmia; myocardial, pericardial, and endocardial diseases; cerebrovascular disease; hypertensive disease; pulmonary vascular disease; rheumatic heart disease; shock; syncope; sudden cardiac death; valvular heart disease; and other unspecified cardiac diseases. All other reasons for hospitalization were assigned as noncardiovascular. In the CIHI-DAD, each hospitalization has 1 primary diagnosis. However, multiple new conditions could be diagnosed during the course of a single hospitalization. Therefore, we also identified all secondary conditions in any of the 16 CIHI-DAD diagnosis fields that were new conditions contributing to the hospital stay. Together, these conditions (primary and new secondary diagnoses) were classified as hospitalization-based cardiovascular or noncardiac events. To exclude readmissions for day procedures, hospitalizations with a length of stay of ≤1 day were not included as an event.
Mortality was determined by linkages with the Registered Persons Database for vital statistics. All hospitalizations and invasive procedures were examined in each patient with HF until death occurred or until the date of last available follow-up.
Study Definitions
We defined the lifetime of the newly admitted patient with HF to begin on initial hospitalization for HF. 11 HFrEF or HFpEF was defined by LV ejection fraction (LVEF) of ≤45% versus >45% based on previously defined thresholds. 13 Ischemic HF was defined by prior coronary artery disease, unstable angina, myocardial infarction, percutaneous coronary intervention, or coronary artery bypass graft surgery. Morbid outcomes were defined as either hospitalizations (ie, each admission contributes 1 primary diagnosis) or hospitalization-based events (ie, 1 admission could generate multiple events if new secondary diagnoses are coded). Secondary diagnoses of chronic, preexisting conditions were not included; thus, analysis of hospitalization-based events accounted for multiple de novo conditions that could arise during a single hospital admission.
Statistical Analysis
Continuous variables are reported as mean±SD and compared using Student t test. Categorical variables were compared between groups using the χ 2 statistic. A descriptive analysis of hospitalizations was initially performed by counting the number of hospitalizations occurring during follow-up. In these analyses, each hospitalization was categorized as due to HF, coronary heart disease, other cardiac, or noncardiovascular based on the primary diagnosis in the CIHI-DAD. The effect of clinical categories on time to first hospitalization was assessed using adjusted Cox proportional hazards models, accounting for patients clustered within hospitals.
14 These models were adjusted for sex, ischemic versus nonischemic etiology, and HFrEF versus HFpEF and censored at death or on last follow-up date of March 31, 2009 . 15 Patients without documented LVEF were included in the regression analyses as a separate category (eg, unknown LVEF). We also adjusted for the following covariates based on a previously validated model 16 : age, serum sodium level, hemoglobin level, cerebrovascular disease, diabetes, chronic obstructive pulmonary disease, hepatic cirrhosis, dementia, cancer, systolic blood pressure, respiratory rate, and blood urea nitrogen. We constructed survival curves adjusted for these covariates using the corrected group prognosis method. 17 The proportional hazards assumption was tested for Cox regression models using a Kolmogorov-Smirnov supremum-type test on 1000 resamplings of the cumulative sums of martingale residuals. 18 Repeat hospitalization outcomes were examined using Cox regression analysis for recurrent events, accounting for the possibility of multiple readmissions occurring over time in the same patient.
14 To further explore the patterns of hospitalizations over the lifetime of the HF cohort, we divided the lifetime (after the index HF discharge) of each patient into deciles and counted the number of hospitalizations occurring in each time fraction of the survival duration. Similarly, the lifetime of each patient was divided into tertiles (early, middle, late), and hospitalizations occurring in each of the 3 periods were examined for all new hospital-based events. In sensitivity analyses, we treated hospitalizations and mortality as competing events and jointly modeled the cause-specific hazard functions of these 2 outcomes.
19 P<0.05 was considered statistically significant. Analyses were performed using SAS version 9.2 (SAS Institute) stati stical software.
Results
Study Cohort
We examined 8543 patients with HF (mean age, 77.4±10.5 years) of whom 60.7% had ischemic HF, 67.3% had HFrEF, and 51.6% were women. The baseline characteristics of the study cohort are shown in Table 1 . Patients with ischemic HF were younger than those with nonischemic HF and had significantly higher rates of hypertension, hyperlipidemia, diabetes, and smoking and greater comorbidity burden. Among the subcohort with LV functional assessment performed (42.5%), those with HFpEF were older and had higher prevalence of hypertension and atrial fibrillation than those with HFrEF. Although women were older and had more hypertension, they also had lower rates of chronic obstructive pulmonary disease than men.
Time to Death
We examined 22 567 person-years of follow-up. Overall, 10-year mortality was 98.8% with a median survival of 1.75 years. Benchmark survival rates of 25%, 10%, and 5% occurred after 4. 
Analysis of Time to First Hospitalization
HFrEF was associated with an increased age-and sexadjusted risk of first hospitalization for HF and coronary heart disease ( Table 2) . Ischemic HF was associated with the largest risks of hospitalization for HF, coronary heart disease, and cardiovascular disease ( Table 2) . HF hospitalization-free survival curves are shown in Figure 2A for HFrEF versus HFpEF and Figure 2B for ischemic versus nonischemic HF. For patients with HFrEF adjusted HRs for first HF hospitalization were 1.16 (95% CI, 1.04-1.30; P=0.008) and 1.47 (95% CI, 1.26-1.72; P<0.001) for first coronary heart disease hospitalization (Table 2 ). There were no differences in adjusted rehospitalization outcomes among men versus women (Table 2) . In sensitivity analyses, we accounted for competing risks in which the effects of sex, ischemic versus nonischemic status, and HFrEF versus HFpEF on the causespecific hazard function for the readmission outcomes were estimated. Results similar to those aforementioned were observed.
Analyses of Repeat Hospitalizations
The rates of repeat hospitalizations per 100 person-years of follow-up are shown in Table 3 . Accounting for multiple possible hospitalizations per patient, those with ischemic HF were far more likely than those with nonischemic HF to experience repeat cardiovascular, HF, and coronary heart disease hospitalizations. There were smaller differences in repeat hospitalizations when compared by HFrEF versus HFpEF and by sex.
Repeated-events Cox regression analysis (Table 4) demonstrated attenuated effect sizes compared with the analysis of time to first events shown in Table 2 . Despite this, ischemic HF etiology remained predictive of cardiovascular readmissions over the post-HF onset lifetime, with a 24% increased risk after multivariable adjustment. Ischemic etiology also increased the risk of HF hospitalizations by 20% and doubled the risk of coronary heart disease hospitalizations after multivariable adjustment. Data are presented as mean±SD or n (%). HFrEF indicates heart failure with reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction.
Timing of Hospitalizations Relative to Initial Discharge and Death
Repeat hospitalizations for HF occurred in 61.3% of patients, whereas cardiovascular events occurred in 66.5% of patients within the first year after discharge. Among patients who were rehospitalized for HF or for cardiovascular disease, the largest proportion of initial readmissions occurred within the first and last deciles of the postdischarge survival duration (Figure 3) , where each decile was a median of 63 days in length. Considering any rehospitalization, accounting for multiple hospitalizations per patient, the greatest proportion of hospital admissions occurred in the decile of survival time just before death followed by the immediate postdischarge period (Figure 4) . Noncardiovascular hospitalizations demonstrated an early peak for the first readmission and prominent increases in the last decile for the first or any readmission.
Timing of Repeat Hospitalization-Based Events
Repeat hospitalization-based events occurred more frequently before death. In the 18 months before death, there were 6924 hospitalizations with a new diagnosis of recurrent HF: 14.2%, 19.4%, and 47.5% of the entire cohort experienced recurrent HF events during the periods of 12 to 18 months, 6 to 12 months, and <6 months before death, respectively. In a similar time frame, there were 9314 hospitalizations with recurrent cardiovascular disease events in the last 18 months before death, with the majority of events occurring near the end of the lifespan: 20.8% at 12 to 18 months, 26.2% at 6 to 12 months, and 62.1% within 6 months before death. Noncardiovascular events (total, 6924) also showed a similar time course, with 16.7%, 20.7%, and 43.7% of patients given a diagnosis within 12 to 18 months, 6 to 12 months, and <6 months before death, respectively.
Examining the number of repeat hospitalization-based events that occurred in the first (early), second (middle), and third (late) tertiles of the total survival duration, cardiovascular causes (primarily recurrent HF) were predominant in all 3 time periods. Frequency distribution of events were very consistent in those with 1, 2, and ≥3 Figure 2 . A, Adjusted heart failure hospitalization-free survival: HFrEF versus HFpEF. B, Adjusted heart failure hospitalization-free survival: ischemic versus nonischemic heart failure. HFpEF indicates heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction. HFrEF indicates heart failure with reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HR, hazards ratio; HF, heart failure; CHD, coronary heart disease; EFFECT, Enhanced Feedback For Effective Cardiac Treatment study.
* For all comparisons above, age and sex-adjusted P<0.001 for ischemic vs nonischemic and HFrEF vs HFpEF and age-adjusted P<0.001 for men vs women. HFrEF indicates heart failure with reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HF, heart failure; CHD, coronary heart disease. admissions occurring over the lifetime after the index HF hospitalization.
Discussion
We conducted a comprehensive, long-term analysis of hospitalizations of newly discharged patients with HF who were followed until nearly the entire study cohort had died. During 10-year follow-up, ≈99% of the cohort died, and the median survival was 1.8 years. We found that patients with ischemic HF demonstrated increased mortality, experienced earlier readmission for cardiovascular disease, and exhibited greater risk of repeat hospitalizations over their lifetime. Over the lifetime, survival was marginally, but statistically significantly higher among women and patients with HFpEF. Patients with HFrEF were more likely to experience marginally increased risk of early cardiovascular readmissions, with an increase in hospitalizations for HF and coronary artery disease. Those with ischemic HF were significantly more likely to experience repeat cardiovascular disease admissions of all subtypes.
Cardiovascular readmissions occurred frequently, and these repeat hospitalizations were largely due to episodes of recurrent HF. Examining the first readmission, 66.5% were hospitalized for cardiovascular disease, and 61.3% were readmitted for HF within the first year. Most first readmissions occurred in the initial and final deciles of the cohort's lifespan. When all hospitalizations were examined, cardiovascular disease and recurrent HF comprised the majority of events in the early, middle, and late periods of the survival duration. Repeat hospitalizations occurred most frequently within a few months (ie, final lifespan decile) before death. In multivariable analysis, repeat cardiovascular admissions occurred more frequently among younger patients and those with ischemic HF. When we further dissected cardiovascular events, ischemic HF remained the only significant predictor of repeat admissions for HF and cardiovascular disease. LVEF and sex did not predict repeat HF, coronary heart disease, or cardiovascular readmissions.
This study contributes new data by examining the full range of outcomes over the lifetime of patients in a population-based setting, exploring outcomes by HF subtype, and examining time to first rehospitalization versus recurrent events. The cross-sectional associations were consistent with previously published studies that found a greater frequency of women, older age, hypertension, and atrial fibrillation among patients with HFpEF. 10, 20 The present findings also support Covariates in the multivariable model are age, sex, ischemic vs nonischemic etiology, HFrEF vs HFpEF, unknown left ventricular ejection fraction, serum sodium level, hemoglobin level, cerebrovascular disease, diabetes, chronic obstructive pulmonary disease, hepatic cirrhosis, dementia, cancer, systolic blood pressure, respiratory rate, and blood urea nitrogen. HR indicates hazards ratio; HFrEF, heart failure with reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction.
prior community-based epidemiological studies that reported greater risks of coronary heart disease-related deaths in men than in women and in patients with HFrEF than in patients with HFpEF. 21, 22 The distribution of cardiovascular versus noncardiovascular readmissions was consistent with a long-term HF follow-up study from Olmstead County, Minnesota. 23 However, the present study extends prior literature by examining events occurring over the lifetime and the prognostic implications of HF subtypes, particularly classification based on ischemic versus nonischemic HF and LV systolic function.
A novel aspect of the present study was the examination of patterns of hospitalization and cardiovascular events occurring over the post-HF lifetime, with death occurring in nearly all patients during the study. Prior reports evaluating mortality found few differences or nonsignificant trends in short-or near-term events when contrasted by HFpEF versus HFrEF or by sex. 24, 25 Prior studies comparing ischemic and nonischemic HF did not explore the impact on hospitalizations, were limited to shorter follow-up duration, or were performed in a selected subset of enrollees. 26, 27 Some studies comparing ischemic versus nonischemic HF reported no differences in death or hospitalizations when limited to near-term follow-up. 28 The present analysis extends the literature by examining a broad range of events occurring over the lifetime of patients with HF and by identifying significant mortality and morbidity differences in extended follow-up.
Methodologically, we also examined readmissions using an approach that accounted for repeat events. Unlike prior studies of HF morbidity that focused on occurrence of the first event without regard for the possibility of multiple readmissions per patient, results differed when we examined multiple events occurring over the lifetime. Ischemic HF was a ubiquitous predictor of repeat hospitalizations, time to first hospitalization, and death, which may be attributable to the potentially destabilizing impact of coronary ischemia. 7, 29 Although patients with HFrEF were more likely to be rehospitalized early, this increased risk was not observed for repeat events over the lifetime relative to those with HFpEF. The reduction in risk of repeat events among those with HFrEF over the lifetime may be attributed in part to the availability of medical therapies, which can reduce hospitalizations among those with reduced LV systolic function. In contrast, there are few efficacious pharmacological therapies that have demonstrably reduced repeat hospitalizations in patients with HFpEF.
The present study has important implications for HF care because repeat hospitalizations reflect a progressive illness where the cumulative effects of increasing morbidity may eventually result in heightened mortality risk. 30, 31 The findings suggest that determining the presence of ischemia is of critical importance because it was the most robust predictor of repeat HF and cardiovascular admissions and may be amenable to antiischemic therapeutic interventions. As reported in the STICH (Surgical Treatments for Ischemic Heart Failure) trial, judicious use of coronary revascularization procedures may have beneficial effects on reducing hospitalizations, 32 which are prominent outcomes over the lifetime of patients with HF. Before the policy of broad use of revascularization interventions is enacted, however, further studies are required to better characterize patient subsets that would most benefit from medical therapy or intervention. 33 Although the initial readmission often occurred early after the index HF discharge, cardiovascular causes were prominent reasons for hospitalization in early, middle, and late phases of the survival duration. Thus, the results suggest that interventions to reduce hospitalizations should (1) be provided early after HF discharge, (2) be sustained over the patient's lifetime, and (3) consider both cardiac and noncardiac aspects of care.
The study had several strengths, including complete, extended follow-up for a wide range of outcome events and all patient deaths recorded in a cohort where almost all patients died. Although this study provided new insights into the HF syndrome, there were several limitations. LV function, laboratory abnormalities, and concomitant comorbidities were evaluated at the index admission, and we did not account for changes that may have occurred during follow-up. However, our group has shown previously that adjustment for covariates at baseline predicted long-term risk even after stratification by LVEF. 34 Crossover of some patients who were initially nonischemic to an ischemic categorization may have occurred, potentially attenuating differences in outcomes between those with ischemic and nonischemic HF. As with all epidemiological studies, there may be additional impacts of regional variations in care and outcomes, and thus, confirmatory studies in other jurisdictions are needed. Finally, our examination of morbidity was limited to hospitalization events, and clinical worsening that was treated purely in the ambulatory setting was not evaluated. However, symptomatic worsening that requires hospitalization increases mortality risk in a graded manner 30, 31 and has substantial implications from the standpoint of the healthcare system.
In conclusion, among patients with HF who were discharged from the hospital, readmissions for recurrent HF and cardiovascular disease most often occurred in the early months postdischarge or in the late months before death. Over the lifetime of patients with HF, recurrent hospital-based events were often attributable to cardiovascular disease and were frequently related to HF. Although patients with HFrEF were marginally more likely to experience earlier rehospitalization for HF and coronary heart disease when examined over the lifetime, ischemic HF was the most potent predictor of repeat hospitalizations and earlier readmission to the hospital for all cardiovascular causes in the population. Identification of patients whose HF is attributable to ischemic heart disease coupled with appropriate therapeutic interventions may improve survival and reduce the burden of this leading cause of hospitalization and healthcare costs. 
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